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Introduction
In recent years, cross-border E-commerce arose and has become a burgeoning model. According to Accenture's predictive report, the global market of cross-border E-commerce will balloon in size to $1 trillion in 2020 and more than 900 million people around the world will be online consumers. China is becoming the largest cross-border market in the world and its transaction volume of imported goods purchased online will reach $245 billion by 2020.
One of the most important reasons for the dramatic development on E-commerce is that E-commerce business along the supply chain can lead to big cost savings [6] .
Because of the impact of cost on cross-border E-commerce business, the importance of measuring the cost control cannot be overemphasised. Many cost control studies have been performed by using different criteria, such as quality , time and flexibility. As the pace of market globalization quickens, the number of criteria to be considered will in-crease [1] . With criteria increasing, the chance of qualitative and quantitative criteria appearing simultaneously will be certainly greater.Therefore,using a method which can evaluate simultaneously qualitative and quantitative criteria is a must. The CO-PRAS [14] is a well-known approach for multicriteria decision-making (MCDM) problem. In this study, we improved the standard COPRAS method to meet the demand of qualitative and quantitative criteria in supply chain downstream strategic cost control on cross-border E-commerce. This new method, called L-COPRAS, offers a more flexible way to solve evaluating problems in the realworld. Furthermore this study focuses on strategic cost control measures regarding to separately assigned weights. This application has few attempts before.
The reminder of the paper is organised as follows. Section 2 presents the L-COPRAS method in detail. Section 3 overviews strategic cost control measures in supply chain downstream and discusses the selection of criteria in strategic cost control. Section 4 focuses on the application of the L-COPRAS method on a cross-border E-commerce and compared it with the TOPSIS method. Finally, Section 5 presents the conclusion and directions for further steps of this study.
The L-COPRAS method
In this section, we firstly overview the standard CO-PRAS method and preliminary definitions of fuzzy numbers. Then we present an extended COPRAS method, the L-COPRAS method.
The COPRAS method
The COPRAS method is a widely-used multicriteria decision making technique, which contains three main steps [14] : (1) normalises initial assessments regarding to each individual evaluation criterion; (2) calculates two optimisation indexes for each alternative based on criteria' optimisation directions (decision directions); and (3) ranks alternatives based on an overall ranking index calculated from optimisation indexes. These steps are briefly described below.
Let A = {a 1 , a 2 , . . . , a n } be a set of alternatives for a decision problem, C = {c 1 , c 2 , . . . , c m } be a set of evaluation criteria and W = {w 1 , w 2 , . . . , w m } be the associated weights with C. Suppose X is the initial assessment (score) matrix
where x i j is the assessment on alternative a i with respect to criterion c j . Given X, C and W , we can use the COPRAS method to rank alternatives a 1 , · · · , a n .
Normalisation
The normalisation step converts each score x i j in X to a normalised score x i j by
for each individual criterion c j , j = 1, 2, . . . , m. The normalised score matrix is denoted by X = (x i j ) n×m . Then the weight of each criterion c j is imported into X to get a weighted score matrix X = ( x i j ) n×m , where
Optimisation indexes
The calculation of optimisation indexes is determined by the preferable optimisation direction of each criterion. A c j is associated with one of two preferable optimisation directions, i.e., positive (the bigger the better) or negative (the smaller the better). Without loss of generality, let C + be the set of criteria with positive optimisation direction and C − be the set of criteria with negative optimisation direction, then for each alternative a i ∈ A two optimisation indexes corresponding to C + and C − respectively can be calculated as
Ranking index
Using these two optimisation indexes, an overall ranking index Q i is therefore calculated for each alternative a i :
Finally, Q i , (i = 1, 2, . . . , n) is used to rank alternatives. A higher Q i means a better assessment on a i .
Fuzzy numbers and their operations
Strategic cost evaluation is an MCDM problem. Particularly because of the introduction of qualitative evaluation, using linguistic methods to process qualitative evaluation becomes more and more popular [11, 15] . In these methods, fuzzy set is a widely used representation of qualitative information. A fuzzy set A of a universe of discourse U is defined by a membership function µ A such that for any
A fuzzy number u is a convex and normal fuzzy set, such that µ u (αu 1 + (1 − α)u 2 ) min{µ u (u 1 ), µ A (u 2 )} for any u 1 , u 2 ∈ U and α ∈ [0, 1] and exists u ∈ U such that µ u (u) = 1.
The triangular fuzzy numbers are most used and can be expressed as below. A triangular fuzzy number u is denoted by a triple (u 1 , u 2 , u 3 ) and the membership function µ u is
The principle of extension on fuzzy sets can be used to induce operations on fuzzy numbers. In general form, the principle of extension is expressed as: Suppose U and V are two universes of discourse and f is a mapping from U to V . Let A be a fuzzy set of U, then under the mapping f , a fuzzy set B of V is obtained with membership function
where ∨ is the superior of µ A (u)s. Similarly, we can apply the principle of extension to extend the binary operators "+, −, ×" on R to the set of all fuzzy numbers. Take two triangular fuzzy numbers
where α is a (crisp) real number. Note that in Eq. (11), the result is just a trapezoidal approximation [4, 5] which may lead to errors in complex calculation involving many multiplications. In real applications, fuzzy numbers are often used to represent linguistic variables which convey uncertainty in opinions, assessments or evaluations. Several typical sets of linguistic variables and corresponding triangular fuzzy numbers are shown in Table 1. From these preliminary linguistic variables, complex linguistic variables can be induced through operations on fuzzy numbers.
The L-COPRAS method
The motivation of the L-COPRAS method comes from three aspects: adapting advanced defuzzification techniques, providing a general form of ranking index and assigning different weights for each alternative.
Step
1: Defuzzify linguistic variables to numeric form in the initial assessment matrix X if required
Defuzzifying the linguistic expression is the first step when handling uncertainty using fuzzy logic and fuzzy numbers. Many defuzzification techniques (such as mean of maxima, centre of gravity, centre of mean, and midpoint of area) have been presented and developed in engineering applications to achieve a common target of converting a fuzzy sets into a numeric value [12] . For example, the centre of gravity method calculates the x-coordinator of the centre of a fuzzy set as
In this study, we claim that using advanced defuzzification techniques can provide more options to solve real-world problems. For its popularity in applications and simplicity in calculation, the centre of gravity method will be used as the default defuzzification technique below.
2: Normalise defuzzified assessment matrix to normalised assessment matrix X following standard COPRAS method
There are many different normalisation methods. Some of them are (ref: https://cran. r-project.org/web/packages/clusterSim/ clusterSim.pdf): Table 2 . Compared normalisation methods.
Type
Formula We can see that the standard COPRAS method uses the type "n10".
Step 3: Generate weighted assessment matrix X by x i j = x i j · w i j Compared with the standard COPRAS method, the L-COPRAS method uses a weight matrix; while the standard COPRAS method uses a vector, which can be seen as a special case of the L-COPRAS method.
Step 4 (4) is
It is the weighted sum of normalised scores on a i with respect to all criteria. Because the weighted sum is one of typical aggregation operators, we can replace it by other popular aggregation operators such as the geometric mean. Moreover, the weight associated to a criterion is the same for all alternatives by the standard COPRAS method, which is unusual to the practical problems. Commonly, different alternatives have different emphases on different criteria and associate the criteria with different weights. Hence, it is rational to replace w j by w i j in Eq. (13) 
Step 5 Step 6: Make final decision based on Q i
Criteria choice on Supply chain downstream strategic cost control measures
Cost is an important element that has direct impact on efficiency in business [10] . Now, business need to implement strategies to manage and reduce costs not only on a short-term basis, but also in a long run for intense competitive pressures [8] . Cost control problem on E-commerce business is more prominent than the other business, because most products in E-commerce business need to achieve through logistics and distribution. In the study, we focus on the evaluation of supply chain downstream strategic cost on E-commerce business and provide three strategic cost control measures from different perspectives.
Measure 1: to choose the right logistics operation modes Measure 2: to achieve value chain by entire process of supply chain management (SCM) Measures 3: to improve facility development and information & communication technology (ICT)
With the above three strategic cost control measures, we can evaluate supply chain strategic cost performance from different perspectives. In this study, we summarise these costs in ten categories as criteria to evaluate the three potential strategic cost control measures. They are:
Rental cost (c 1 ) is the dominant cost on crossborder E-commerce business. It includes the cost of business operation platform, bond, annual fee for technical service, and capital cost, etc.
Operating cost (c 2 ) includes packaging cost, maintenance costs, order handling cost, shipping cost, administration cost, warehouse cost, distribution cost and labour cost, etc.
Safety cost (c 3 ) is the cost caused by the business's reputation, brand, scale, and organisational impact, etc. Though it is intangible, it will have a marked impact on the future of E-commerce business.
Risk cost (c 4 ) is the legal and economic cost caused by different international economy and politics, international policy, customs risk and exchange rate, etc. All these can dramatically bring cost fluctuations.
Added service capacity (c 5 ) is the ability to provide additional services for individual customers. It can generate additional revenue by offering increased benefits. So the more service the business can provide, the less average cost it has. It is extremely important to E-commerce business, because E-commerce business does not create value itself and it just realises value by its service. The service is one of the most important factors to win competition.
Timely distribution rate (c 6 ) is the cost caused by delayed or not on-time delivery. Distribution is the process that business is most close to customer. So this process can best reflect the real reaction of customers.
No return rate (c 7 ) is the cost caused by low performance-price ratio. Return is the process from supply chain downstream to upstream.To Ecommerce business, the product is provided by supply chain upstream. But it is the customers in supply chain downstream who measure the quality. If the product has low performance-price ratio, customers usually return it. No doubt, the return will increase the cost of the whole supply chain.
Customer complaint rate (c 8 ) is the cost caused by customer dissatisfaction with poor service level. Customer satisfaction is the ultimate purpose for Ecommerce business, but it is not easy to quantify an exact figure. So in the study, we quantify service satisfaction with exact customer compliant rate.
Information and communication technology (c 9 )
is the cost caused by systems quality, information quality, environmental and technical characteristics, technical support, support functions cost and information technology, etc. 10 ) is the cost caused by geographical location, environmental compliance and capacity, etc.
Facility management (c
The selection of the ten criteria is based on the research of many scholars and third-party consultancies [2, 3, 7, 9, 13] . The criteria are dramatically different which can be quantitative or qualitative. Though that costs are often used by decision-makers to appraise the efficiency, it is difficult to differentiate these costs in an E-commerce business. Furthermore the costs are rarely constant and predictable. So we developed the L-COPRAS method to evaluate the costs.
Case study
In this section, we use the presented L-COPRAS method to evaluate three potential strategic cost control measures for a cross-boarder E-commerce business in China.
Background
A Chinese cross-boarder E-commerce business wants to select one of three strategic cost control measures given in Section 3 to increase the whole performance in its supply chain. The company consulted a third-party consultancy to evaluate the three potential strategic cost control measures in terms of the 10 cost-related criteria given in Section 3. Regarding each individual criterion, the consultancy defined its optimisation direction and weights for each alternative measure which are listed in Table  3 . Table 3 . Criteria for strategic cost control measures with decision directions and predefined weights. With respect to the 10 criteria, evaluations on the three strategic cost control measures are given (see Table 4 ) and expressed using linguistic terms listed in Table 1 .
We apply the L-COPRAS method to rank alterantives as follows:
Step 1: Defuzzify the linguistic expression Let X = (x ji ) 3×10 be the raw score matrix, we use the centre of gravity of the corresponding triangular fuzzy number to replace the initial assessment in X. Given a triangular fuzzy number a = (a 1 , a 2 , a 3 ) , the centre of gravity of a is simply (a 1 + a 2 + a 3 )/3. Hence a defuzzified score matrix X ′ is obtained:
Step 2: Normalise the defuzzified score matrix Based on the standard COPRAS method, a normalised score matrix X is obtained from X ′ .
Step 3: Generate weighted assessment matrix X Noted that x i j = x i j · w i j , we get X.
Step 4 Table 6 . Table 6 . Ranking indexes of optional strategic cost control measures based on default ranking index Q i and alternative ranking indexes given in Section 2.3. Direction Step 5 and Step 6: Calculate the ranking index Q i and rank available measures
The index Q i and other three alternative indexes f 1 , f 2 , and f 3 indicate a 3 is the best option which is followed by a 2 and a 1 .
Discussion

Alternative calculation for optimisation index
In Section 2.3, we mentioned that we can use other aggregation methods to calculate the two optimisation indexes S + i and S − i . For example, considering that the geometric mean is a kind of information fusion which can better handle normalised values and cope with varied ranges of values, we use it to calculate the two optimisation indexes, i.e.,
Using geometric mean for optimisation indexes in the L-COPRAS method, the ranking indexes are calculated accordingly and listed in Table 7 . The comparison indicates that similar rankings of alternative, a 3 > a 2 > a 1 , is obtained. 
Comparison with TOPSIS
TOPSIS is one of the most popular methods for strategy selection and evaluation problems. The L-COPRAS method presented is similar to it in two points: 1) both methods need to identify the optimisation direction of criteria, and 2) both methods need to normalise the initial decision matrix. The main differences between them are: 1) the L-COPRAS method uses a weight matrix in processing, while the TOPSIS method uses a weight vector; and 2) the L-COPRAS method uses the two optimisation indexes to build the ranking index, while the TOPSIS uses the distances to two ideal (optimal and worst) solutions to build the ranking index. We compared both methods using the above data and using different normalisation methods (see Table 8 ). An interesting outcome of using the TOPSIS method is that it gives the same ranking, i.e., a 3 > a 2 > a 1 , using the normalisation methods in Table 2 . Although this outcome shows the stability of the TOPSIS method in terms of ranking, this fact may not be a good sign in applications because it means the difference between different criteria is not significant any more after normalisation when considering their impacts on the decision problem. Table 8 . Comparison between the L-COPRAS and the TOPSIS methods.
